Mafic dykes are a characteristic geological feature of the Ruker Complex in the southern Prince Charles Mountains. We present new geological, geochemical, and Sm^Nd isotopic data for these rocks, which place constraints on their genesis, mantle sources, and relative timing, as well as providing a substantial basis for a comparison between these intrusions and similar rocks from other Archaean terranes of East Antarctica. The oldest of the intrusions form dykes composed of distinctive rocks rich in Mg, Cr, and Ni. These rocks were probably derived via varying degrees of partial melting of a metasomatically enriched and radiogenic mantle source at relatively shallow mantle levels. Younger and volumetrically more significant dykes are composed of subalkaline tholeiite.These tholeiitic dykes strike ENE, NW or NNE and can be divided into two geochemically distinct subgroups: a low-LILE (large ion lithophile element) group (mostly the NNE-trending dykes) and a high-LILE group (NW-trending and partly other directions). The low-LILE group rocks originated from an enriched mid-ocean ridge basalt-like source and are characterized by relatively young Sm^Nd T DM model ages between 1·9 and 2·4 Ma. The high-LILE group rocks have higher LILE/HFSE (high field strength element) ratios, which imply derivation from an enriched subcontinental mantle source. These rocks have generally older T DM model ages between 2·3 and 3·8 Ga and display geochemical similarities to mafic metavolcanic rocks found within the Palaeoproterozoic Ruker Group, a cover sequence to the Archaean Ruker Complex. As was observed by earlier researchers, the subalkaline tholeiitic dykes in the Ruker Complex have many compositional features in common with mafic dykes from the Napier Complex of Enderby Land and from the Vestfold Hills. However, our data do not provide convincing evidence for a direct correlation with these dyke suites. The youngest phase of mafic intrusions comprises distinctive high-Ti^P rocks that occur as sills within the Neoproterozoic Sodruzhestvo Group, another cover sequence to the Ruker Complex. The high-Ti^P rocks do not correlate with any of the dyke suites observed within the Ruker Complex, nor from elsewhere in East Antarctica. They are interpreted to represent manifestations of plume-related magmatism associated with extension, subsidence, and accumulation of the Sodruzhestvo Group.
Charles Mountains (sPCM) Boger et al., 2006; Mikhalsky et al., 2006a; Phillips et al., 2006) . Within the southern Prince Charles Mountains mafic dykes are found in the Menzies Group and Mawson Suite of the Ruker Complex (Boger et al., 2006; Phillips et al., 2009) and within the middle Archaean Manning Orthogneiss of the adjacent Lambert Complex . Dykes are, however, mainly absent from the Palaeoproterozoic rocks of the Lambert Complex, and the Mesoproterozoic Rayner Complex (Mikhalsky et al., 2006b) that separate the inland southern Prince Charles
Mountains from the Napier and Vestfold complexes on the coast (Fig. 1) . This observation has allowed the presence or absence of dykes to be used as temporal stratigraphic markers (Tingey, 1982 (Tingey, , 1991 .
Little is known about the mafic dykes observed in the sPCM. They are variably deformed and locally metamorphosed (Mikhalsky et al., 2001) and, based on limited geochemical data, show some similarities to the dykes observed in the Napier Complex and the Vestfold Hills (Sheraton et al., 1987; Srivastava et al., 2000) . On the basis of these similarities, the sPCM dykes were assumed to be rydz Bay region (after Corvino et al., 2011) . Location abbreviations: FC, Fisher Complex; GM, Grove Mountains; LC, Lambert Complex; NC, Napier Complex; RC, Ruker Complex; RI, Rauer Islands; VC, Vestfold Hills Complex. Right-hand schematic illustrations show the composition, orientation, relative emplacement order and available age data for mafic dykes in the Napier Complex of Enderby Land (Sheraton & Black, 1981; Suzuki et al., 2008) , in the Vestfold Complex (Collerson & Sheraton, 1986; Hoek & Seitz, 1995; Mikhalsky, 1995) and in the Ruker Complex (Mikhalsky et al., 2007; this study). of similar Mesoproterozoic age (Sheraton & Black, 1981; Collerson & Sheraton, 1986; Sheraton et al.,1987; Srivastava et al., 2000) . At present, however, the only geochronological data reported from the sPCM are a single Pb-evaporation 207 Pb/ 206 Pb zircon age of c. 2370 Ma (Th/U ¼ 0·336) from a high-Mg dyke exposed in the southern Mawson Escarpment (Mikhalsky et al., 1992) and a U^Pb zircon age of c. 1350^1300 Ma from a single zircon recovered from a tholeiitic dyke in McCue Bluff (Mikhalsky et al., 2007) . Until now it remains unknown how many dyke suites are actually present in the sPCM, nor are the chemistry, age, and timing relationships between these rocks well understoodçcertainly not sufficiently well to allow for reliable comparisons to be made between the sPCM mafic dykes and those exposed in the Napier and the Vestfold Hills complexes (Fig. 1) .
Here we present new geological, geochemical and Sm^Nd whole-rock isotopic data for mafic intrusions from a wide area of the sPCM (Fig. 2) . The rocks sampled represent undeformed to slightly deformed dykes with clear, sharp cutting relationships to their country rocks (Fig. 3a^c ). Samples were collected from Rimmington and McCue Bluffs, prominent outcrops exposed along the southern Mawson Escarpment, as well as from Mounts Stinear and Rymill, the Cumpston Massif, and some other localities (Fig. 2) . The data presented provide petrogenetic constraints on the origin of the observed mafic intrusions in the sPCM and allow a more detailed comparison between these rocks and the mafic dykes from other East Antarctic regions. These data were mostly collected by the authors during the Prince Charles Mountains Expedition of Germany and Australia (PCMEGA) in 2002^2003, and by S. D. Boger during his work in the same area in 1997^1998. Geochemical data (X-ray fluorescence) acquired by the early Australian expeditions to the same area were kindly provided by Dr J. W. Sheraton. Some geological observations and chemical analyses obtained by Russian scientists from expeditions dating back to the late 1980s are also included.
M A F I C D Y K E S U I T E S I N OT H E R A N TA RC T I C A RC H A E A N T E R R A N E S
In the Napier Complex, at least three dyke suites of Proterozoic age have been recognized. The oldest suite consists of high-Mg dykes, which vary in composition from hypersthene-rich olivine-normative tholeiite (norite) to hypersthene-bearing quartz tholeiite. These rocks have yielded a Rb^Sr whole-rock isochron age of 2350 AE 48 Ma (Sheraton & Black, 1981) . This suite was followed by the emplacement of a NE-trending suite of dykes dated at 2150^1900 Ma on the basis of Rb^Sr and Sm^Nd isochrons (Suzuki et al., 2008) . Dykes of this age can be subdivided Fig. 2 . Geology of the southern Prince Charles Mountains (modified from Mikhalsky et al., 2001; Phillips et al., 2009; Corvino et al., 2011). into two compositional groups: tholeiite and high-Mg andesite. Both groups exhibit large ion lithophile element (LILE) and light rare earth element (LREE) enrichment and negative Nb and Ti anomalies in primitive mantle normalized trace element patterns (Suzuki et al., 2008) . Suzuki et al. observed a correlation of increasing trace element concentrations with increasing FeO*/MgO and attributed the geochemical features of both groups to either subduction-related arc magmatism or continental flood basalt volcanism. The youngest dykes belong to the 1190 AE 200 Ma Amundsen suite (Rb^Sr whole-rock isochron; Sheraton & Black, 1981) . These rocks are of quartz tholeiitic composition and are divided into two compositional types on the basis of differing trace element geochemistry. The Group I tholeiites have higher contents of some incompatible elements including LILE (K, Rb, Sr), LREE and high field strength elements (HFSE, P, Zr, Nb) compared with Group II dykes. Group I dykes also have slightly lower average magnesium numbers [mg number ¼100MgO/(MgO þ FeO tot ), mol %], 43 vs 46, when compared with the Group II rocks (Sheraton & Black, 1981) . Group II dykes are characterized by marked negative Nb anomalies, a feature not observed for the Group I rocks. Sheraton & Black (1981) pointed out that the compositions of Group I rocks cannot be attributed to more extensive crystal fractionation. Of similar age (1161 AE238 Ma, a whole-rock Rb^Sr isochron) are alkaline basalts characterized by relatively high concentrations of P, Ti, Ba, Sr, Nb and LREE (Suzuki et al., 2008) . These rocks are chemically distinct from the Amundsen suite as defined by Sheraton & Black (1981) although at present they are not temporally differentiable.
The Vestfold Hills preserve evidence for five phases of high-Mg and/or tholeiitic mafic magmatism (Kuehner, 1987; Hoek & Seitz, 1995) . The oldest event resulted in the emplacement of east-trending high-Mg (gabbronorited olerite) and high-Fe tholeiitic (dolerite) dykes that are dated to 2424 AE72 Ma (Rb^Sr whole-rock isochron; Collerson & Sheraton, 1986) . The second phase of magmatism led to the emplacement of a norite ring complex and a coeval but relatively uncommon north-trending suite of high-Mg tholeiitic dykes (Hoek & Seitz, 1995) . U^Pb zircon ages of 2241 AE4 Ma and 2238 AE7 Ma were obtained from felsic segregations associated with this phase of magmatism (Lanyon et al.,1993) . The third phase of mafic magmatism resulted in the emplacement of NW-trending Fe-rich tholeiites (Hoek & Seitz, 1995) , which are dated by a whole-rock Rb^Sr isochron at 1791 AE62 Ma (Collerson & Sheraton, 1986 ) and zircon sensitive high-resolution ion microprobe (SHRIMP) studies at 1754 AE16 Ma (Lanyon et al., 1993) . During the fourth phase north-trending Fe-rich tholeiitic dykes were emplaced. These were dated at 1380 AE7 Ma (Lanyon et al., 1993) . The final magmatic episode led to the emplacement of the densest of the observed dyke swarms. These rocks are defined by NNEtrending Fe-rich tholeiites that were emplaced around 1245 Ma based on two zircon ages of 1248 AE 4 Ma (Black et al., 1991) and 1241 AE5 Ma (Lanyon et al., 1993) .
The high-Mg tholeiites from suites one (c. 2425 Ma) and two (c. 2240 Ma) are characterized by relatively high SiO 2 and MgO, but low TiO 2 . They are enriched in some LILE (Ba, Rb, and K) and LREE and show pronounced negative Nb, P and Ti anomalies (Collerson & Sheraton, 1986; Kuehner, 1989; Hoek & Seitz, 1995) . Rocks of the first suite do not show a negative Sr anomaly, whereas the norites and north-trending dykes of the second suite do (Hoek & Seitz, 1995) . The first suite also comprises the Fe-rich tholeiites, which, compared with the high-Mg tholeiites, are notably less siliceous and contain lower average abundances of LILE.
The Fe-rich tholeiites of the third suite (c. 1750 Ma) were distinguished by Collerson & Sheraton (1986) as Group I tholeiites and exhibit a wide range in incompatible trace element abundances. Normalized trace element patterns are, however, similar and are characterized by marked negative Nb and Sr anomalies, as described by Collerson & Sheraton (1986) and Hoek & Seitz (1995) . Those researchers suggested that these rocks were derived from an LILE-enriched mantle source. In a study preceding the dating of these dykes, Collerson & Sheraton (1986) (P, Sr, Nb, La, Ce, etc.) than Group I at a given mg number (Collerson & Sheraton, 1986) . Group III was characterized by only a few analyses, and these rocks were enriched in LILE. Subsequent studies have shown that the rocks of the fourth (c. 1380 Ma, northtrending) and the fifth suites (c. 1250 Ma, NNE-trending) show similar overall trace element patterns, but the former tends to have higher normalized trace element abundances (Hoek & Seitz, 1995; Mikhalsky, 1995) . Similar to the two older Fe-rich tholeiite suites, these rocks show a distinct negative Nb anomaly. Unfortunately, the full datasets obtained in these earlier studies were not published, to the best of the authors' knowledge.
G E O L O G I C A L S E T T I N G
Cropping out between 60 and 708E and south of latitude 738S, the sPCM represent the southernmost exposures of rock found within the Prince Charles Mountains^Prydz Bay region. The range was first visited by Australian expeditions in 1954, with subsequent visits in the late 1950s providing the first geological descriptions of the area (Stinear, 1956; Crohn, 1959; McLeod, 1959) . These studies were built upon by further reconnaissance studies in the 1960s (Ruker, 1963; Trail, 1963a Trail, , 1963b Trail, , 1964 McLeod, 1964) and then more focused mapping in the 1970s (Tingey & England, 1973; England & Langworthy, 1975; Tingey et al., 1981) . Soviet geologists were also active in the sPCM between 1971 and 1974. The results of these studies were presented in a number of early publications from the 1970s (Soloviev, 1972; Grikurov & Soloviev, 1974) but have been more fully described in the Antarctic Geoscience compilation published in 1982 Kamenev, 1982; Lopatin & Semenov, 1982; Ravich, 1982; Ravich & Fedorov, 1982) and in a book by Ravich and others published a few years later (Ravich et al., 1985) .
On the basis of these studies and the results of more recent work cited below, the sPCM can be broken into two geologically distinct tectonic complexes: the Ruker and Lambert complexes Mikhalsky et al., 2006a; Fig. 2) . The Ruker Complex, the focus of this study, comprises an Archaean granite^gneiss basement defined by the Mawson Suite and Menzies Group, together with two or more sequences of sedimentary and volcanic cover rocks (Ravich et al., 1985; Kamenev et al., 1993; Mikhalsky et al., 2001; Phillips et al., 2009) . The Mawson Suite consists of well-dated felsic intrusions that were emplaced at 3390^3380 Ma and 3180^3160 Ma (Boger et al., 2006 Mikhalsky et al., 2006a Mikhalsky et al., , 2010 . The Menzies Group consists of thick horizons of quartzite intercalated with rocks of volcanic, terrigenous, and chemical origin. Detrital zircons from the Menzies Group suggest a maximum depositional age of c. 3150 Ma (Phillips et al., 2006) .
Deformation post-dating both the emplacement of the Mawson Suite and deposition of the Menzies Group resulted in both layer-parallel and upright generations of overprinting folds (Boger et al., 2006) . Metamorphic grade varies from lower to upper amphibolite facies (Grew, 1982; Kamenev et al., 1993; Mikhalsky et al., 2001; Phillips et al., 2005) . Metamorphism is dated at 2780 Ma from the southern Mawson Escarpment (Boger et al., 2006) , whereas syntectonic granitic intrusions (c. 2815 Ma) are known from Mts Stinear, Bayliss and Rymill (Mikhalsky et al., 2010) .
The Ruker and Sodruzhestvo Groups, which both postdate 2820^2780 Ma orogenesis observed in the graniteĝ neiss basement, define the remaining strata of the Ruker Complex (Mikhalsky et al., 2001) . At its type locality at Mt Ruker, the Ruker Group is defined by a well-layered sequence of mainly basic volcanic rocks intercalated with ironstones as well as terrigenous and calcareous sedimentary rocks (Grew, 1982; Mikhalsky et al., 2001; Phillips et al., 2005) . Minor intrusions of metamorphosed gabbrod olerite, mostly as sills but also locally as dykes, are found within the lower section of the Ruker Group (Mikhalsky et al., 2001; Phillips et al., 2005) . Detrital zircons from the upper Ruker Group give ages between 3300 and 2450 Ma and limit the deposition of these strata to the early Palaeoproterozoic (Phillips et al., 2006) .
The Sodruzhestvo Group crops out at Mounts Rubin, Dummett, Seddon and Maguire, as well as at Cumpston Massif and Goodspeed Nunataks (Mikhalsky et al., 2001; Phillips et al., 2005 Phillips et al., , 2006 . This group consists of quartzite, well-layered semi-pelitic schist and comglomerate (Mikhalsky et al., 2001 , and references therein). These rocks are further characterized by their lower metamorphic gradeçthey do not exceed the greenschist faciesçand the general absence of mafic dykes in most localities. Mafic sills are, however, present in the Sodruzhestvo Group at Cumpston Massif (Phillips et al., 2005) and Mt Seddon (Ravich et al., 1985) . The age of these rocks is constrained to the Neoproterozoic (5970 Ma) based on both microfossil and detrital zircon data (Iltchenko, 1972; Phillips et al., 2006) and the group may be up to 11km thick based on geophysical modeling (McLean et al., 2008) . Deformation in the Sodruzhestvo Group resulted in the formation of a single generation of upright to inclined NW-trending folds (Phillips et al. 2005) that are constrained to have formed between 520 and 495 Ma (Phillips et al., 2007) .
The Lambert Complex, exposed to the north of the Ruker Complex and possibly also in the Mt Newton area (Mikhalsky et al., 2008) (Fig. 2) , consists of high-grade para-and orthogneisses. Biotite and garnet^biotite AE hornblende gneiss, granite^gneiss, plagiogneiss and mafic to ultramafic granulite or amphibolite are the most common rock types. Ages of c. 3520, 2450 and 2120 Ma were obtained for orthogneisses, and a wide time frame (25001 000 Ma) is suggested for the deposition of the intercalated paragneisses (Boger & Wilson, 2005; Corvino & HenjesKunst, 2007; Boger et al., 2008; Corvino et al., 2008) . With the exception of the Manning Orthogneiss exposed at Harbour Bluff, the Lambert Complex does not contain mafic dykes. This unit dates to the middle Archaean (c. 3520 Ma) and may represent either basement to the predominantly Palaeoproterozoic crust that defines the remainder of the Lambert Complex, or a tectonically intercalated slab of unrelated rock .
Mafic dykes in the Ruker Complex are limited to the granite^gneiss basement defined by the Mawson Suite and the Menzies Group. Mafic dykes within these rocks commonly form networks of cross-cutting dykes, which, however, can be only rarely observed owing to limited access. The extent of metamorphism and deformation of the dykes varies considerably between localities. In some outcrops the dykes are largely undeformed, as is the case along most of the southern Mawson Escarpment (Fig. 3a^c) . Dykes can, however, be sheared, as occurs commonly at Mts Stinear and Rymill and southwestern Cumpston Massif (Fig. 3d ), or locally folded; for example, at northern Cumpston Massif. Where undeformed, the dykes can nevertheless be offset by narrow shear zones ( Fig. 3a and  b) , or internally foliated to form mafic schists. In the latter case the dyke boundaries are not usually strongly displaced (Fig. 3d) . Deformation features, where developed, are most probably related to early Palaeozoic tectonism, which is widely recorded in the southern Prince Charles Mountains (Boger & Wilson, 2005; Boger et al., 2006; Phillips et al., 2007 Phillips et al., , 2009 Corvino et al., 2008) .
Along the southern Mawson Escarpment mafic dykes are between 2 and 50 m thick and trend in four predominant directions: west (275^2858), NW (300^3158), NNE (03 08), and ENE (60^758). The ENE-trending dykes are the most abundant (Fig. 4) . Next most abundant is the NWtrending suite, followed by the NNE-trending suite. Westtrending dykes are uncommon and are mostly narrow with non-tabular curved shapes, and are chemically distinct from the other dyke suites. Most dykes are steeply dipping, but dips can be variable and in McCue Bluff some dykes have a shallow dip. Rare cross-cutting relationships suggest that the west-trending dykes are the oldest, whereas the NNE-trending suite is the youngest. For all generations, dyke contacts with their country rocks are mostly planar and sharp. Chilled margins are only rarely developed and no phenocrysts were found within these zones or within the dyke interiors. In addition to the widespread dykes observed within the Ruker Complex, the Sodruzhestvo Group contains mafic sills up to a few tens of meters thick ( Fig. 3e ) and rare thin steeply dipping dykes (Phillips et al., 2005) . The intrusion of these rocks is interpreted to be either synchronous with or post deposition of the Sodruzhestvo Group.
P E T RO G R A P H Y
Given the variable degrees of metamorphic recrystallization, we apply the terms dolerite when the magmatic texture of the rock is only slightly modified, altered dolerite when low-grade alteration is strong, metadolerite or apodolerite when the rock has experienced a metamorphic overprint but the primary magmatic texture can be either easily (metadolerite) or hardly (apodolerite) recognized, amphibolite when the rock has acquired a metamorphic granoblastic texture, and mafic schist when the rock shows both a metamorphic mineral assemblage and a pronounced foliation.
The oldest group of dykes (west-trending) is mostly strongly retrogressed and sheared, and is composed of mafic to ultramafic amphibolite, schist or occasionally noritic metadolerite. The original magmatic textures are only rarely preserved and such rocks have a lamprophyric rather than an ophitic texture (i.e. pyroxene as opposed to plagioclase is euhedral; Fig. 5a ). The west-trending dykes are melanocratic (colour index M is mostly 75^80) to ultramafic and relatively coarse-grained (1^3 mm) when compared with the typical dolerites and metadolerites of the other suites. These rocks are composed predominantly of hornblende 70^80% (vol. % here and below when referring to mineral contents), biotite up to 20% and plagioclase 520%. In metadolerites pyroxene is nearly completely replaced by a very fine-grained serpentine aggregate, which in turn is altered to talc, biotite and minor amphibole (Fig. 5b) . The secondary products point to primary orthopyroxene, although this mineral was never directly observed. These rocks may thus be termed noritic metadolerite.
The other dykes in the Ruker Complex are less melanocratic (mostly M ¼ 45^70). Fresh dolerites (NNE and ENE dykes) occur at McCue Bluff in the southern Mawson Escarpment. At this locality the dolerites are fine-grained (50·5 mm) massive rocks with typical doleritic to subophitic textures with a few better-crystallized samples (Fig. 5c ). The rocks are composed of c. 50^60% isometric or rarely elongated brownish clinopyroxene (Ca 29^34 Mg 47 Fe 19^24 ) with the remainder of the rock defined by plagioclase laths. Clinopyroxene may be variously altered to green amphibole, biotite and Fe^Ti oxides. Plagioclase is commonly altered to an unidentified clay mineral. These secondary minerals are thought to represent autometamorphic products. Metadolerites (various dyke suites), observed widely at Rimmington Bluff and McCue Bluff, contain 40^70% amphibole, 25^55% andesine to labradoritic plagioclase, up to 10% quartz, up to 4% titanite, and minor biotite, epidote, and Fe^Ti oxides. The Fe^Ti oxides occasionally form skeletal grains of recognizable crystal shape in association with fine-grained amphibole aggregates, or rarely form relatively coarse porphyroblasts. Ilmenite is partly or entirely replaced by titanite.
In the metadolerites, the lowest grade of metamorphic recrystallization resulted in the replacement of clinopyroxene by pale green actinolite. More extensive recrystallization results in the formation of sieve-like aggregates of green hornblende with quartz inclusions in amphibolite or apodolerite (Fig. 5d) . Under higher-grade conditions, granoblastic^polygonal amphibolites with dark green or greenish brown hornblende are formed. In such rocks a strong foliation is commonly observed and these rocks grade into mafic schists (Fig. 5e ). The higher modal quartz and lower modal plagioclase observed in the metadolerites and mafic schists when compared with fresh dolerites resulted from breakdown of clinopyroxene and plagioclase to form hornblende and JOURNAL OF PETROLOGY VOLUME 54 NUMBER 12 DECEMBER 2013 quartz. Secondary garnet occurs in a few metadolerites. Where present, garnet occurs along contacts between amphibole and plagioclase and forms a mantle surrounding amphibole pseudomorphs after pyroxene. The mafic sills that crop out within the Sodruzhestvo Group (central Cumpston Massif) are composed of massive, melanocratic (M ¼ 60^80), and characteristically fine-grained (mainly 0·2^0·6 mm) amphibole^plagioclase rocks that show apo-ophitic to nematoblastic textures (Fig. 5f ). The mafic minerals consist of 45^60% hornblende (pleochroic between khaki green and bluish green), up to 20% biotite, which forms small randomly oriented flakes, and abundant Fe^Ti oxides that can constitute up to 15% of the rock and form coarser laths up to 2 mm in size. Titanite and apatite are common accessory phases. Some rocks have a coarsegrained nematoblastic texture that shows no preferred orientation of hornblende. Hornblende may be altered to chlorite.
A NA LY T I C A L M E T H O D S
Major and trace element concentrations were determined by X-ray fluorescence spectrometry (XRF) at the Bundesanstalt fu« r Geowissenschaften und Rohstoffe (BGR, Hannover) and at the University of Melbourne. These new data were augmented with largely unpublished XRF results for 19 samples collected by earlier Australian and Russian expeditions and analysed at BMR (now Geoscience Australia, Canberra). Details of the XRF analytical procedure have been provided by Sheraton & Labonne (1978) and Corvino & Henjes-Kunst (2007) . Analytical precision varies from 1^2% for major elements to 5^10% for trace elements. The full dataset is included in the Electronic Appendix (available for downloading at http://www.petrology.oxfordjournals.org) and representative analyses are given in Table 1 . REE concentrations for 13 samples (Table 2) were obtained by inductively coupled plasma mass spectrometry (ICP-MS) at VSEGEI (St. Petersburg). Sample powders were dissolved using a lithium metaborate fusion technique, followed by dissolution of the glasses in nitric acid. Analyses were carried out on an ELAN-6100 DRC ICP-MS system and have a precision of better than AE5^10%.
Sm^Nd isotope data were acquired at BGR and the University of Melbourne. In Hannover, 100^125 mg of sample powder were mixed with 147 Sm^1 48 Nd spike and dissolved in a PicotraceTM high-pressure sample dissolution system (1608C, HF^HNO 3 for 24^48 h; 6 M HCl for 7^12 h), followed by extraction of Sm and Nd using cation exchange and HDEHP columns. Blanks were negligible. Isotopic analyses were performed on a Finnigan Triton system. Raw Nd isotope ratios were normalized to 146 Raczek et al., 2000 Raczek et al., , 2003 .
W H O L E -RO C K G E O C H E M I C A L DATA
Whole-rock data for the mafic dykes from the Ruker Complex show that they have basic compositions with SiO 2 contents ranging from 45 to 56 wt %. Most rocks are compositionally basalts, with fewer basaltic andesites and picrites (Fig. 6 ). Magnesium numbers vary from 30 to 70. With the exception of a few samples, the mafic rocks are subalkaline. The rocks that tend to have slightly alkaline compositions are the Neoproterozoic sills observed within the Sodruzhestvo Group. Major elements show a wide range of variation (Figs 7 and 8) suggestive of the occurrence of a number of different rock types. Secondary alteration should also not be discounted, in particular for mobile components, such as Na 2 O, K 2 O and LILE such as Rb, Sr, Ba and Pb. However, we found no correlation between rock alteration or deformation degree and chemical composition in terms of major and trace elements for the NNE-and ENE-trending dykes for which many analyses were obtained. These rocks vary from fresh dolerite to mafic schist but nevertheless exhibit both limited variations in element concentrations and strongly correlated variations of mg number, Ti, Zr and Th (Fig. 9 ). Other elements, such as Rb and Sr, do show systematic shifts in metamorphosed samples with Rb depletion and Sr enrichment.
Three major rock groups may be distinguished based on their specific geological position, relative age and chemical composition: (1) Th
have lower TiO 2 concentrations (0·3^0·8 wt %) than the more common tholeiites. Mantle-normalized trace element patterns for these rocks are spiked, characterized by pronounced negative Nb anomalies. Two rocks additionally display negative Sr anomalies (Fig. 10a) . These samples additionally have the highest concentrations of HFSE and also have noticeably higher Ti/Y and Zr/Y ratios. The mg numbers of these two rocks lie within the common range observed for this suite. A single sample from this suite was analysed for REE (Table 2 ) and has REE concentrations 8^11 times chondrite ( Fig. 11a ) with a slightly fractionated trend between the LREE and middle 
Subalkaline tholeiite
Two chemically distinct subalkaline tholeiitic rock groups can be distinguished: a low-LILE group and high-LILE group. Dykes of the NNE-trending suite compositionally lie within the low-LILE group, whereas those of the NW-trending suite (with one exception) lie within the high-LILE group. The ENE-trending suite is more heterogeneous and contains examples that fall within both geochemical groups.
NNE-trending dykes (low-LILE)
The NNE-trending dykes in the southern Mawson Escarpment define a coherent cluster with minor variations in terms of major and trace element abundances. Major element concentrations are SiO 2 ¼ 49^50·5 wt %, TiO 2 ¼1·0^2·2 wt %, MgO ¼ 5·0^7·7 wt %, Na 2 O ¼ 2·12 ·8 wt %, K 2 O ¼ 0·40^0·70 wt % and P 2 O 5 ¼ 0·100 ·20 wt %. Mg number varies between 40 and 57. Mean concentrations of some trace elements are as follows (ppm): Rb 7, Ba 72, Nb 8·8, Sr 201, Zr 114, and Y 27. These dykes display relatively flat to slightly humped trace element patterns with no significant Nb or Sr anomaly. Most trace element concentrations are between five and 20 times mantle values, although normalized Pb concentrations are somewhat higher (Fig. 10b) . The chondrite-normalized REE patterns are mostly flat, although a slight LREE enrichment in the more evolved samples is evident (La N /Yb N ¼ 2·7 and 3·0; Fig. 11b ). These rocks show some systematic differences when compared with dykes of the other suites. They tend to have somewhat lower concentrations of K, Rb, Ba, Th, La and Ce, and higher Cr. Less evident is their relative depletion in HFSE: P, Nb, and Zr.
NW-trending dykes (high-LILE)
Major element concentrations for the NW-trending suite are SiO 2 ¼ 46^56 wt %, TiO 2 ¼ 0·6^2·3 wt %, MgO ¼ 2·4^7·3 wt %, Na 2 O ¼ 2·1^2·5, K 2 O ¼ 0·6^2·2 wt % and P 2 O 5 ¼ 0·10^0·60 (Table 1) . Mg number varies between 24 and 55. Mean trace element concentrations are as follows: Rb 39 ppm, Ba 295 ppm, Nb 11·2 ppm, Sr 140 ppm, Zr 188 ppm, and Y 34 ppm. These rocks show mostly overlapping major element concentrations with the NNE suite (Figs 6^8). The exceptions are K 2 O, which is higher in most samples, and SiO 2 , which varies more widely. More pronounced differences are observed in the trace element concentrations. Apart from prominent LILE enrichmentçRb N and Ba N are in the range 20^150 (Fig. 10c) çthese rocks have, with few exceptions, prominent negative Nb and Sr anomalies and elevated LREE abundances (Fig. 11c) . La N /Yb N is between 6·2 and 11·4.
ENE-trending dykes
The ENE-trending dykes tend to be more heterogeneous and contain rocks with characteristics akin to both the low-LILE group and the high-LILE group rocks. This is best expressed in the normalized trace element patterns shown in Fig. 10d . The studied ENE-trending dykes are all Table 3 ), for low-LILE rocks from the ENE suite are nearly identical to the NNE dyke rocks. On the other hand, K/Rb and La/Nb ratios in the low-LILE ENE-trending dyke rocks are lower, although the REE patterns (Fig. 11d ) for these rocks are very similar to those of the NNE-trending dykes. The high-LILE rocks from the ENE-trending dykes have mostly very similar trace element ratios to the NW-trending dykes (e.g. Ba/Nb, Ti/Zr, Zr/Y, Th/Nb, Ti/P, and Rb/ Sr; Table 3 ). Other trace element ratios are somewhat different (e.g. P/Zr, Th/U and Ce/Yare lower, and K/Nb, K/ Zr and Zr/Nb are higher), suggesting derivation from somewhat different sources.
Unspecified dykes from other localities
Dyke rocks geochemically corresponding to either the low-LILE or high-LILE group have been found at other localities in the sPCM. The low-LILE dyke rocks are abundant in Mt Stinear. These dykes are variously fractionated (mg number ¼ 40^54), as are the NNE-trending dykes in the southern Mawson escarpment. The low-LILE rocks from Mt Stinear show some trace elements ratios (e.g. La/Nb, Ti/P, P/Zr, Ti/Zr, La/Nb, Rb/Sr; Table 3 ) similar to those of the NNE-trending dykes, but many other ratios are very different (e.g. K/Rb and K/Nb are lower, and Zr/ Nb, Ba/Nb and Zr/Y are higher). This indicates essential differences in the composition of their mantle sources and/or influences of different processes during magma ascent and within the upper crust during crystallization. The high-LILE group rocks, which occur elsewhere in the sPCM, have major element concentrations in the following ranges: SiO 2 ¼ 46^53 wt %, TiO 2 ¼ 0·7^3·1wt %, MgO ¼ 3·2^8·1wt %, Na 2 O ¼ 0·7^3·1, K 2 O ¼ 0·6^2·1wt % and P 2 O 5 ¼ 0·10^0·50 wt %. These compositional ranges closely correspond to the high-LILE group dykes from the Mawson Escarpment. Scatter in trace element contents is also limited, with mean concentrations of Rb 41ppm, Ba 410 ppm, Nb 16·3 ppm, Sr 182 ppm, Zr 206 ppm, and Y 40 ppm for the high-LILE group elsewhere in the study area, which is similar to the trace elements concentrations in the NW-trending suite in the Mawson Escarpment. The high-LILE rocks from Mt Stinear have nearly identical trace element ratios compared with the high-LILE ENE dykes in the Mawson Escarpment (Table 3) . 
High-Ti^P metabasite
High-Ti^P mafic compositions are restricted to sills in the Neoproterozoic metasediments of the Sodruzhestvo Group at Cumpston Massif (Phillips et al., 2005) and Mt Seddon (Ravich et al., 1985) . These rocks have a relatively narrow range of concentrations for most major and trace elements. They have typically high TiO 2 (3·8^4·5 wt %) and P 2 O 5 (0·96^1·10 wt %) and relatively low SiO 2 (46^48 wt %), Na 2 O (2·8^3·5 wt %), Cr (60^85 ppm), Ni (30^50 ppm), V (90^120 ppm) and Cu (520 ppm). MgO concentrations (4·4^5·5 wt %) are slightly lower than observed in the high-Mg and tholeiitic dykes. The abundances of K 2 O, Pb, Rb, and Ba vary widely. These rocks are highly evolved (mg number ¼ 374 1) and are silica-oversaturated, as indicated by normative quartz (4^8%) and hypersthene (11^14%) despite their low SiO 2 contents. They also tend to have higher Sr (mostly 300^340 ppm), Ga (22^26 ppm), Nb (15^18 ppm), and Zr (320^360 ppm) than either the tholeiitic or highMg dykes. When normalized to primitive mantle (Fig. 10e) , the high-Ti^P rocks show very consistent and relatively smooth trace element patterns (except K and Pb). They show prominent enrichment in the least incompatible HFSE elements, which results in a steep negative slope from P to Y. LILE are moderately enriched, but display considerable variations (particularly K 2 O and Pb) that are probably due to alteration. Nb either shows no anomaly or defines a small negative anomaly. A prominent negative Sr anomaly is also present. Four samples were analysed for REE and these show consistent, slightly fractionated REE patterns (La N /Yb N ¼ 4·2^4·6; Fig. 11a) . A small negative Eu anomaly [Eu* ¼ 0·74^0·89, where Eu* ¼ 2Eu N /(Sm N þ Gd N )] is also observed.
S m^N d I S O T O P E S Y S T E M AT I C S
Twenty-six samples were analyzed for their Sm^Nd isotope compositions (Table 4) . They show considerable 
unpublished data). (g) NW-trending dykes from the Vestfold Hills (E. V. Mikhalsky, unpublished data). (h)
Typical mantle-derived magmas after Sun & McDonough (1989) for comparison. Normalization factors from Sun & McDonough (1989) . Island arc basalt (IAB) from Condie (1989) . OIB, ocean island basalts; E-MORB, enriched mid-ocean ridge basalts; N-MORB, normal midocean ridge basalts.
scatter in isotopic ratios and calculated parameters e Nd and depleted mantle model age T Sm=Nd DM (T DM below). For all analyzed rocks, e Nd (0) varies between À0·5 and À23 with T DM model ages of between 1660 and 3850 Ma. There are, however, systematic variations when the data are considered separately for the five suites of mafic intrusions.
Two samples of the high-Mg suite were analysed, and these reveal large negative e Nd (0) values of À15·6 and À14·7, f Sm/Nd of À0·18 and À0·23 (see Table 4 for explanation), and T DM model ages of 3·1 and 3·6 Ga. Taking 2370 Ma as the possible age of this suite [a TIMS date reported by Mikhalsky et al. (1992) and similar ages for high-Mg dykes in the Vestfold Hills reported by Collerson Sun & McDonough (1989) . N-MORB, E-MORB and OIB compositions (Sun & McDonough, 1989) (Fig. 12a) . These data indicate an enriched mantle source for these rocks. Twenty-two analyses were made of the subalkaline tholeiites and for each suite distinctive isotopic characteristics were observed. NNE-trending dykes (low-LILE group rocks; seven samples) have e Nd (0) values between zero and À3, f Sm/Nd of À0·08 to À0·15, and T DM of 1·9^2·5 Ga. One outlying sample has e Nd (0) ¼^8·4 and T DM ¼1·7 Ga. The slope in time^e Nd space for this rock is thus markedly steeper than for the other samples from this suite owing to significantly lower f Sm/Nd ¼^0·34 (Fig. 12b) . Assuming a post-1·3 Ga and probably pre-1·0 Ga age for these dykes (see below) initial e Nd (1·0^1·3) between zero and þ2·5 may be calculated.
NW-trending dykes (high-LILE group rocks; four samples) yielded negative e Nd (0) values between À12 and À23 and T DM model ages between 2·3^2·9 Ga. The slope in time^e Nd (0) space for these rocks is steep owing to low f Sm/Nd ¼^0·30 to À0·45 (Fig. 12c) . The isotopic characteristics from this dyke suite are thus distinct from those of the NNE-trending dykes described above, and from those of the ENE-trending dykes described below.
ENE-trending dykes (seven samples) yield low e Nd (0) between À2·8 and À20 and T DM model ages of 2·3^3·85 Ga, although most values are between 2·93 ·85 Ga. f Sm/Nd is between À0·10 and À0·22 and the slope in time^e Nd (0) space is thus relatively flat (Fig. 12d) . Unlike the NW-or NNE-trending dykes that geochemically fall into either the high-LILE group (NW dykes) or the low-LILE group (NNE dykes), the ENE-trending dykes are compositionally mixed and composed of rocks with both low-LILE and high-LILE compositions. Although our dataset is small, the ENE-trending dykes with low-LILE group chemistry tend to have both the younger model ages between 2·3 and 3·4 Ga and higher e Nd (0) between À2·8 and À7·8. For the high-LILE group rocks within this suite T DM varies between 2·7 and 3·85 Ga and e Nd (0) between À5·5 and À20·0. Only one sample (48159-13) of the low-LILE group of this suite has been tentatively dated at c. 1350^1300 Ma (Mikhalsky et al., 2007) . This sample gives initial e Nd (1·35) ¼ þ1·7. The 
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Ti/Y 380 387 350 279 518 376 300 256 233 relatively large spread of T DM model ages observed in this suite may be caused by rather high Sm/Nd ratios coupled with isotopic source heterogeneity and/or some crustal contamination. Nd isotopic data were obtained for four dykes with unspecified strike but belonging to the low-LILE group rocks: one from McCue Bluff, two from Mt Stinear and one from Binders Nunataks (Fig. 12e) . Three of the samples have e Nd (0) values between À1·5 and À6·0 and T DM values between 2·3 and 2·9 Ga. These data overlap with the range of e Nd (0) and T DM values obtained from the NNE-trending dykes and may indicate that these dykes belong to this suite. The remaining sample (from Mt Stinear) yielded a similar e Nd (0) of À2, although the T DM model age was considerably older (3·5 Ga). These results are more consistent with the data obtained from the low-LILE group rocks assigned to the ENE suite.
The high-Ti^P suite from Cumpston Massif (two samples analyzed) have relatively low f Sm/Nd of À0·28, e Nd (0) values of À5·3, and T DM of c. 1·6 Ga. Assuming the age of this suite to be 5970 Ma (Phillips et al., 2006) gives initial values of e Nd (0·9^0·5 Ga) of between zero and À3. These features confirm the distinctive geochemical signature of these rocks when compared with the dyke suites that intrude the older basement of the Ruker Complex.
P E T RO G E N E T I C C O N S T R A I N T S High-Mg metabasites
The high-Mg metabasite dykes from the Ruker Complex have high concentrations of MgO, Cr and Ni, and low TiO 2 , Al 2 O 3 , Na 2 O, P, Zr and Nb, features that are characteristic of siliceous high-Mg basalts (e.g. Crawford et al., 1989) . High MgO, Cr and Ni, along with high mg numbers (up to 73), suggest that these rocks formed by a large degree of partial melting of their mantle source. Compositional variations in the mantle source, fractional crystallization and/or assimilation processes may be responsible for the observed chemical heterogeneity. In addition, the poor correlation between Zr and mg number (Fig. 13a) suggests that the compositional variations may also be due to varying degrees of partial melting: a lower (Mikhalsky et al., 2010) ; fine long-dash lines, metagabbro^dolerites in Ruker Group (E. V. Mikhalsky, unpublished data); bold short-dash line, NNE-trending mafic dykes in the southern Mawson Escarpment . Initial Nd isotopic composition is indicated with a dot or ellipse, black when dated and white when assumed. Ages of ENE suite from Mikhalsky et al. (2007) , metagabbro in Mawson Escarpment from Mikhalsky et al. (2010). degree of partial melting results in higher Zr, and also Nb, P, Y, K and REE contents. The flat distribution of the HREE in a low-Zr rock (sPCM29.1) confirms a large degree of partial melting. The elevated LREE abundances in this rock are indicative of derivation from an enriched mantle source region. The rocks with lower concentrations of Zr also contain higher concentrations of SiO 2 , Al 2 O 3 and CaO, which suggests that clinopyroxene in addition to orthopyroxene and olivine was a constituent of the mantle source. The high CaO/Al 2 O 3 ratio is identical to the chondritic CaO/Al 2 O 3 (Sun & Nesbitt, 1978) and is consistent with a non-refractory nature for the mantle source. Olivine control can be implied from the good positive correlation between MgO and Ni (Fig. 8e) . However, the rocks within the group that have higher Zr and lower SiO 2 contents (lower degrees of partial melting) also have higher Ti/Y and Zr/Y ratios. This implies that Y may have been retained in a restitic phase such as garnet or amphibole, whereas the flat distribution of the heavy REE argues against garnet being present in the restite. A striking feature of this group is the positive correlation between the HFSE abundances and the size of the negative Sr anomaly (Fig. 10a) . This may have resulted from either plagioclase fractionation or involvement of plagioclase in progressive partial melting. The more or less constant negative Nb anomalies suggest the magma source was enriched in LREE and LILE, rather than Nb having been retained in a restitic phase. The Sm^Nd isotopic composition also argues for an enriched mantle source. At the same time, the ratio La N /Yb N is not high (3·5) and mantle enrichment is thus likely to be only moderate. Alternatively, the La/Nb ratio (1·5^4·4 in all samples) could argue for a considerable role for crustal contamination, but that would cause prominent elevation of Sr N , which is apparently not the case. Thus a relatively shallow (plagioclase^amphibole-bearing) metasomatically enriched mantle probably served as the source region.
Subalkaline tholeiite
Subalkaline tholeiite dykes include a wide range of compositions suggestive of a complex petrogenesis of more than one coherent magma batch. Dykes of the three spatial suites are similar to each other in terms of major and also some trace elements, which implies that they could share JOURNAL OF PETROLOGY VOLUME 54 NUMBER 12 DECEMBER 2013 similar petrogenetic histories. Most of the dykes are highly evolved (generally mg number 550) and crystal fractionation of clinopyroxene and plagioclase may account for most of the systematic trends observed in binary major and major vs trace element diagrams (Figs 7, 8 and 13) . This includes, for example, the negative correlation of SiO 2 and MgO, MgO and TiO 2 , mg number and Zr, and the positive correlation of MgO and CaO, TiO 2 and Zr. Olivine fractionation is evidenced by positive correlation of MgO and Ni (Fig. 8e) , but other element plots (e.g. MgO vs CaO; Fig. 8c ) suggest that olivine fractionation was not so important. Strong negative correlations between SiO 2 and TiO 2 , and, less evident, between SiO 2 and P 2 O 5 imply involvement of magnetite and apatite as fractionating phases. Some rocks are enriched in Fe 2 O 3 * (up to 20%) and contain skeletal opaque minerals. This does not preclude magnetite fractionation from a similar melt in crustal magma chambers to produce the low-Fe compositions. The lack of phenocryst assemblagesçnone were found in any of the dyke rocks during this studyç may reflect the highly evolved nature of the melts. A good correlation between incompatible elements (e.g. TiO 2 vs Zr; Fig. 13c ) observed for all dyke suites may be explained by either varying degrees of partial melting or crystal fractionation. Fractionation is a more likely process provided that a negative correlation between mg number and incompatible elements (Ti, Zr) is observed. It is worth noting that in some binary plots (e.g. TiO 2 vs MgO, TiO 2 vs Zr, Y vs Zr, Zr vs mg number; Fig. 13 ) more than one differentiation trend may be observed; these are defined by predominantly either the low-LILE or the high-LILE rocks, reflecting derivation of these groups from somewhat different sources.
The two groups (high-LILE and low-LILE) nevertheless have some similar trace element ratios (Zr/Nb, P/Zr; Table 3), which indicate that they originated from broadly similar mantle source region(s). However, there are many trace element ratios that are different (Ti/Zr, Ti/P, Ti/Y, La/Nb, Ba/Nb, K/Nb, Ce/Y), with the high-LILE group rocks on average showing not only higher LILE/HFSE ratios, but also varying HFSE/HFSE ratios.
Both groups show extensive differentiation trends, and both groups include less fractionated samples (mg number 50^55), although in the high-LILE group such rocks are rare. Extensive within-crust evolution implies that crustal contamination may have modified the magma compositions. However, the low La/Nb ratios (mostly 1^1·5) argue against significant contamination by the local country-rocks. The above-mentioned characteristics of these dykes may be better explained in terms of variable degrees of metasomatic enrichment of their mantle source(s). The less fractionated (higher mg number) high-LILE group rocks show much stronger enrichment in the LILE and LREE, whereas the HFSE are similar to the low-LILE group. Thus it may be suggested that the high-LILE group originated from a much more strongly LILE-enriched mantle source than the low-LILE group rocks, and that the HFSE/HFSE ratios imply considerable differences in the composition of the mantle sources of the two groups. The low-LILE group rocks show only minor to negligible LREE enrichment and their REE distribution patterns are similar to those of enriched mid-ocean ridge (E-MORB)-like basalts. Thus, the bulk composition of the dyke suite may be accounted for by two major mantle source end-members: (1) E-MORB-like pertaining to the NNE suite and the low-LILE group generally; (2) LILE-and LREE-enriched subcontinental mantle, which served as a source for the NW suite and partly for the ENE suite.
Indeed, the high-LILE group rocks have much more enriched compositions in terms of Sm/Nd isotopic ratios with e Nd (0) values between À12 and À24 for the NW suite and between À5·5 and À20 for (the high-LILE group) rocks of the ENE suite (Fig. 12) . In contrast, the low-LILE group rocks have e Nd (0) values between À0·5 and À8 for the NNE-trending suite and À1·5 and À6 for geometrically unassigned rocks of this group (f Sm/Nd mostly between À0·09 and À0·16). These data confirm a suggestion that the two broad geochemical groupings probably reflect different mantle sources, and the consistent younging in T DM model ages would suggest that the low-LILE group rocks were emplaced after the high-LILE group rocks.
There is no strict correspondence of these trends to any particular dyke suite in terms of its strike. However, the NNE-trending dyke rocks have somewhat different trace element ratios (Table 3) : K/Rb and Ti/Zr are higher than for the other dyke suites whereas Rb/Sr, Ba/Nb, Th/Nb and Th/U are lower. On the other hand, the NW-trending dykes have lower Ti/Zr, Ti/P and K/Rb, and higher K/Nb, Zr/Nb, Ce/Y and Th/U, indicating derivation from different mantle source(s). Most of the NW-trending dyke rocks have higher Zr, Nb and Y concentrations and lower mg number, pointing to stronger fractionation of these magmas. The ENE suite on the basis of its heterogeneous trace element chemistry may comprise two sub-suites within which the high-LILE group component was potentially older than the low-LILE group.
In terms of the observed dyke suites we would thus conclude that the high-Mg suite is the oldest (notably T DM 43 Ga), followed by three or perhaps four generations of sub-alkaline tholeiites. Of these the NW-trending (AE part of ENE-trending suite) are interpreted to be the oldest. These were followed by the rest of ENE-trending dykes, whereas those trending NNE are considered the youngest.
High-Ti^P metabasite
The high-Ti^P metabasite sills are composed of highly evolved (mg number 41) rocks with low SiO 2 . In most binary major and trace element plots these rocks form a coherent cluster. In a few plots, for example, SiO 2 vs Fe 2 O 3 , SiO 2 vs Na 2 O (Fig. 7b and d) , Zr vs mg number and Zr vs TiO 2 (Fig. 13a and c) , linear trends are indicative of crystal fractionation processes. Positive correlation of MgO and Ni indicates olivine control, and other trends such as MgO vs Al 2 O 3 and MgO vs CaO (Fig. 8b and c) , and negative Sr and Eu anomalies may be accounted for by small degrees of fractionation of clinopyroxene and plagioclase. It is not likely that the overall HFSE and REE enrichment observed in these rocks (Figs 10, 11 and 13) is solely due to crystal fractionation, as this is not confirmed by an inverse relationship between SiO 2 and MgO. It is more likely that the high-Ti^P rocks inherited these geochemical characteristics from their mantle source, and elevated concentrations of most incompatible elements may be due to low degrees of partial melting. Most incompatible trace element ratios have consistent values despite a strong metamorphic overprint, a fact reflected in the linear trends of Zr vs other trace elements (Fig. 13 ). This implies these rocks are cogenetic and derived from the same or similar mantle sources. However, these rocks have trace element ratios ( Table 3 ) that are distinct from primitive mantle values (Sun & McDonough, 1989) : Ti/P and Ti/Zr, for example, have much lower values than primitive mantle, whereas Ce/Y, Zr/Y, Ti/Y and Zr/Nb have higher values. These ratios may reflect a significant role for accessory phases in the mantle source, assuming the partial melting degree was low. The distribution of the REE shows considerable enrichment across the REE spectrum (Fig. 11a) . The HREE show nearly flat patterns suggestive of derivation from a garnet-free mantle source. The isotopic Sm^Nd compositions of these rocks indicate their derivation from an enriched (in terms of the LREE) mantle source with eNd(i)50.
D I S C U S S I O N
High-Mg dykes of early Palaeoproterozoic age are widespread in Enderby Land and the Vestfold Hills. In Enderby Land these intrusions have been dated at 2350 Ma (Sheraton & Black, 1981) , whereas in the Vestfold Hills two magmatic pulses are recorded, one at 2425 Ma associated with a comagmatic suite of high-Fe tholeiitic dykes and a second at 2240 Ma (Collerson & Sheraton, 1986; Lanyon et al., 1993) . In most major and trace element binary plots the fields of the high-Mg rocks from these two areas nearly completely coincide, although some of the Vestfold Hills rocks have lower SiO 2 contents and the Enderby Land rocks span a wider range for some elements (Fig. 14) . The high-Mg rocks from the sPCM are poorly constrained in age; although similar to those from Enderby Land and the Vestfold Hills, they are likely to be the oldest of the observed intrusive suites on the basis of both cross-cutting relationships and T DM model ages (3·1^3·6 Ga). They are constrained to post-date 28202 780 Ma orogenesis (Boger et al., 2006; Mikhalsky et al., 2010) , which is consistent with a single zircon evaporation age of c. 2370 Ma reported for this suite (Mikhalsky et al., 1992) .
When compared with the Enderby Land and Vestfold Hills dykes (Sheraton & Black 1981; Kuehner, 1989) , the high-Mg dykes from the Ruker Complex have basically similar compositions, but tend to contain less SiO 2 , Al 2 O 3 , K 2 O and Na 2 O, have higher CaO/Al 2 O 3 , and are more magnesian. With respect to trace elements, many of the incompatible element ratios (e.g. Ti/P, Zr/Nb, Ce/Y) are also basically similar, although important differences are evident (Table 5 ). For example, the high-Mg dykes from the sPCM generally have higher ratios of Rb/Sr and Ti/Zr. These features may be explained assuming clinopyroxene and plagioclase played an important role during the course of partial melting and subsequent crystal fractionation and precluding a refractory nature of the mantle source. In a mantle-normalized trace element diagram the high-Mg dykes from all three Antarctic areas show a remarkable overlap (Fig. 15a) , although the high-Mg dykes from the Ruker Complex are distinguished by lower Th, U, and Pb. These features may at least partly be attributed to the source composition.
In many respects the high-Mg dykes from Enderby Land, the Vestfold Hills, and the sPCM form a continuum of compositions with the Vestfold Hills rocks forming a transitional composition between the sPCM (lower SiO 2 , lower K 2 O, higher MgO) and the Enderby Land (higher SiO 2 , higher K 2 O, lower MgO) end-members. On the other hand, Palaeoproterozoic siliceous high-Mg mafic rocks are a common feature of many early Precambrian terranes (Sharkov & Bogina, 2006) , and indicate a global mantle evolution feature rather than necessarily indicating a single shared magmatic event.
Dykes of subalkaline tholeiitic composition are also present in all three terranes. Those from the Ruker Complex have chemical characteristics similar to those of typical continental tholeiites in the terms of the ratios of Zr:Ti:Y or Zr:Nb:Y (Fig. 16a and b) . In Nb/Yb vs Th/Yb and TiO 2 /Yb vs Nb/Yb diagrams ( Fig. 16c and d ) the subalkaline tholeiites display variable magma^crust interaction and seem to reflect derivation from a slightly enriched (E-MORB-like) mantle source. When compared with tholeiitic dykes in Enderby Land and the Vestfold Hills, the sPCM tholeiites have very similar Ti/P and Zr/Nb ratios, although other trace elements ratios differ (Table 5) . Wider similarities emerge when comparing the low-LILE rocks from the sPCM with geochemical Group II of Enderby Land and Group II of the Vestfold Hills. For these rocks nearly identical Ti/Zr, Ce/Y and Rb/Sr ratios are observed (Table 5) . However, there are also some noticeable differences; for example, higher K/Rb and K/Nb ratios are observed for the low-LILE dykes from the sPCM when compared with elsewhere. Kuehner (1986) deduced a primitive mantle source (not having experienced a major melting or enrichment event) for the c. 1·38^1·25 Ga dykes in the Vestfold Hills. On the contrary, our data suggest that the roughly coeval dykes in the sPCM were derived from a somewhat enriched mantle source.
Our data also indicate that the Group I rocks from both Enderby Land (c. 1·2 Ga) and the Vestfold Hills (c. 1·75 Ga) are compositionally most similar to the high-LILE group rocks observed in the Ruker Complex. These broad compositional similarities probably reflect similar mantle processes during the formation of the spatially separated dyke suites, rather than necessarily suggesting a common heritage.
This becomes clear when one considers the numbers and timing of the dyke suites from the different regions. In Enderby Land both Group I (high-LILE) and Group II (low-LILE) tholeiites are comagmatic and belong to either the c. 1·2 Ga Ma Amundsen suite (Sheraton & Black, 1981) or the more recently recognized c. 2·0^1·9 Ga suite (Suzuki et al., 2008) . In the Vestfold Hills three suites of tholeiitic dykes post-date the high-Mg intrusions and these are dated to 1755 Ma, 1380 Ma and 1245 Ma respectively (Black et al., 1991 Lanyon et al., 1993) . The 1380 Ma and 1245 Ma suites collectively define the geochemical Groups II and III (Collerson & Sheraton, 1986) . It also must be noted that the Vestfold Hills Group I (c. 1·75 Ga) rocks represent NW-trending dykes probably derived from an LILE-enriched mantle source (Collerson & Sheraton, 1986; Hoek & Seitz, 1995) . A comparison of these rocks with NW-trending dykes (high-LILE group) in the Ruker Complex, however, shows considerable differences in terms of LILE enrichment, especially taking into account the differentiation index mg numbers. Thus, at a given mg number (50^55) NW-trending dykes from the Ruker Complex and the Vestfold Hills contain K 2 O 0·3^1·2% and 0·2^0·4%, Rb 15^35 ppm and 4^7 ppm, Ba 1003 60 ppm and 50^100 ppm, Sr 165^250 ppm and $100 ppm, and La 10^20 ppm and 3^4 ppm, respectively. These data indicate that, despite the apparent similarity of the trace element patterns (Fig. 15b) , the Vestfold Hills NW-trending dykes were derived from a much less enriched mantle source (Fig. 10g) and/or formed by higher degree of melting than the NW-trending dykes from the Ruker Complex. At the same time, c. 1380^1250 Ma Group III tholeiites (Collerson & Sheraton, 1986 ) demonstrate apparent similarities to the probably Palaeoproterozoic NWtrending suite in the Ruker Complex, rather than with the probably coeval NNE suite intrusions (Fig.15f) .
In the Ruker Complex three to potentially four suites of subalkaline tholeiite post-date the high-Mg suite. The age constraints on these rocks are limited. Each suite postdates 2·82^2·78 Ga orogenesis observed in the MawsonM enzies granite^gneiss basement (Boger et al., 2006) . This observational constraint, together with the Sm^Nd model ages obtained from these rocks, suggests emplacement ages of 52·78 Ga for the high-LILE component of the ENE suite (T DM ¼ 2·7^3·8 Ga) and 2·3 Ga for the low-LILE component of the ENE suite (T DM ¼ 2·3^3·4 Ga) and the NW suite (T DM ¼ 2·2^2·9 Ga). The age of the ENE-trending suite (low-LILE component) is potentially considerably younger than the depleted mantle model ages given the age of c. 1350^1300 Ma reported for this suite (Mikhalsky et al., 2007; Fig. 3b ). The NNE suite (T DM ¼1·7^2·5 Ga) is observed to cut the ENE suite, which implies that these rocks must be also 51·3 Ga based on the constraints inferred from the zircon age of Mikhalsky et al. (2007) .
Elsewhere in the southern Prince Charles Mountains intrusive mafic rocks are mostly absent from the cover sequences to the Mawson^Menzies basement. Mafic intrusions in the form of sills are present within the Sodruzhestvo Group, although these rocks are high-Ti^P and compositionally distinct. Mafic metavolcanic and metamorphosed intrusive rocks of tholeiitic composition are, however, common in the basal sections of the Ruker Group. These rocks have highly variable compositions with Zr/Nb close to chondrite (Mikhalsky et al., 2001) . In contrast, consistently higher than chondritic Ba/Zr and K/Zr, albeit with much scatter, suggest melting of LILEenriched lithospheric mantle and/or involvement of an LILE-rich fluid. Most rocks display marked negative Nb anomalies consistent with the involvement of an LILEenriched source. The Ruker mafic metavolcanic rocks additionally show smooth REE patterns (Fig. 11e) small Eu anomalies and prominent LREE enrichment reflected by (La/Sm) N between 1·5 and 3·9, whereas (Sm/Yb) N is between 1·2 and 2·0. Such REE patterns are consistent with partial melting of an enriched mantle source.
Intrusive mafic rocks (dyke metadolerite and sill gabbro^dolerite) from the lowermost Ruker Group show significant compositional similarities to the mafic schists (metavolcanic rocks)çfor example, nearly identical or similar Ti/P, Zr/Y, P/Zr, Ti/Zr and some other ratios Sheraton & Black (1981) and Collerson & Sheraton (1986) . Normalization factors from Sun & McDonough (1989) . (Table 3 )çsuggestive of their cogenetic origin (Mikhalsky et al., 2001) . Two mafic intrusive rocks from the Ruker Group also yield Sm^Nd T DM ages of c. 2·9^3·0 Ga and e Nd (0) of À17 to À18 (E. V. Mikhalsky, unpublished data).
Considering the dyke groups adopted in this study, some striking similarities exist between the Ruker Group mafic rocks and the NW-trending suite observed in the Mawson Escarpment. The Ruker metavolcanic and intrusive rocks (especially dykes) and the NW dyke suite are all high-LILE bearing rocks and have similar Zr/Y, Ti/Zr, La/Nb, Zr/Nb and Ti/Y ratios (Table 3) , albeit the NW-trending dykes are more strongly fractionated (mg number 24^55, compared with 35^60 in the Ruker Group rocks; Mikhalsky et al., 2001) . Other trace element ratios are somewhat different (K/Nb, Ce/Y and K/Zr), although the NW-trending dykes (Fig. 10c) and mafic rocks from Ruker Group (Fig. 10f) nevertheless display very similar trace element patterns. The Nd isotope compositions of both the mafic intrusive rocks at Mt Ruker and the NW dyke suite also overlap. For the Mt Ruker metagabbro^dolerites T DM ages are 2·9^3·0 Ga and e Nd (0) of À17 to À18, compared with 2·3^2·9 Ga and À12 to À24 for the NW dyke suite. NW-to WNW-trending mafic dykes are also present in a Mawson suite granitic pluton exposed in the NE of Mt Ruker and these, albeit from a limited dataset (E. V. Mikhalsky, unpublished data), appear to resemble the NW dyke suite. Assuming the high-LILE characteristics and similar Nd isotopic systematics observed for the NW dyke suite and the lowermost Ruker Group mafic rocks do reflect a cogenetic origin, we suggest that the data obtained for these rocks imply that the Ruker Group was deposited after 2·3 Ga, somewhat younger that the maximum depositional ages obtained for detrital zircons from these rocks (Phillips et al., 2006) .
It should be noted that secular mantle evolution from a reservoir that is more enriched in highly incompatible (Pearce, 2008) . Symbols as in Fig. 6 . WPB, within-plate basalts; OFB, ocean floor basalts; LKT, low-K tholeiites; CAB, calc-alkaline basalts; WPA, within-plate alkaline basalts; WPT, within-plate tholeiites; P-MORB, plume-related mid-ocean ridge basalts; E-MORB, enriched mid-ocean ridge basalts; N-MORB, normal mid-ocean ridge basalts; VAB, volcanic arc basalts; OIB, ocean island basalts; Th, tholeiites; Alk, alkaline rocks. elements in the Palaeoproterozoic to one that is less enriched or primitive has been proposed by Sheraton & Black (1981) , Collerson & Sheraton (1986) , Hoek & Seitz (1995) and Suzuki et al. (2008) , based on petrological studies in Enderby Land and the Vestfold Hills. Those researchers basically argued for a largely convergent plate boundary setting or a gravitationally unstable crustal regime in these areas during the Palaeoproterozoic and for upwelling asthenosphere (as a linear sheet) during the mid-Mesoproterozoic. The asthenospheric component is best exemplified by the alkaline dykes: alkali basalts in Enderby Land (Suzuki et al., 2008) and calc-alkaline to ultramafic lamprophyres in the Vestfold Hills (Mikhalsky et al., 1992) . Our investigation failed to discover any Precambrian mafic alkaline dykes in the sPCM, which may be due to insufficient lithosphere thickness and rigidity. Otherwise our data are in accord with the proposed secular mantle evolution, which is reflected in decreasing LILE/HFSE ratios (e.g. K/Zr, Ce/Y, Tables 3 and 5) .
At Cumpston Massif low-grade metasediments of the Sodruzhestvo Group contain mafic sills and dykes that were earlier attributed to the same presumed midMesoproterozoic intrusive event that led to the emplacement of the dyke suites in the Mawson^Menzies basement rocks (Tingey, 1982) . These rocks, however, have distinct high-Ti^P compositions and thus do not correlate with the other dyke groups observed elsewhere in the sPCM, or for that matter with the dyke suites observed in other areas of East Antarctica. A mafic sill in Mt Seddon, where the Sodruzhestvo Group also crops out, has an identical highTi^P composition (Table 1) . In tectonic discrimination diagrams (Fig. 16 ), these rocks compositionally correspond to within-plate magmas probably derived from an ocean island basalt-type source. Mafic sills and dykes at Cumpston Massif are thus interpreted to be plume related and probably originated during an advanced stage of extension in the course of formation of the Sodruzhestvo basin.
C O N C L U S I O N S
(1) High-Mg rocks from the Ruker Complex have T DM model ages of 3·6^3·1 Ga and are constrained on geological grounds to have been emplaced sometime after 2780 Ma. These rocks are in general strongly recrystallized and sheared. Pseudomorphs indicate orthopyroxene as a primary magmatic phase. These rocks were probably derived by varying degrees of partial melting of a metasomatically enriched and radiogenic mantle source at relatively shallow mantle levels. These rocks have many features in common with the early Palaeoproterozoic (2·40^2·25 Ga) high-Mg dykes from Enderby Land and the Vestfold Hills, although they remain chemically distinct (lower SiO 2 , lower K 2 O, higher MgO) and cannot be directly correlated. (2) Abundant subalkaline tholeiitic mafic dykes in the Mawson Escarpment strike generally NNE, NW or ENE. Two geochemically distinct rock groups may be distinguished: a low-LILE group and a high-LILE group. In terms of age, the sequence of emplacement is taken to be NW, ENE, then NNE. (2a) The high-LILE group rocks are represented by the NW-trending dykes and a component of the ENE suite. These rocks are characterized by higher LILE/ HFSE ratios, implying that they were derived from an REE-enriched but inhomogeneous subcontinental mantle source. The model ages for these rocks are mostly older than those obtained from the low-LILE group rocks. For the NW-trending suite T DM model ages are 2·30^2·90 Ga, whereas for the ENE-trending dykes of this composition T DM model ages are 2·70^3·85 Ga. (2b) The low-LILE group rocks include all the NNEtrending suite of dykes as well as a component of the ENE-trending suite. These rocks probably originated from an E-MORB-like mantle source region. The model ages for these rocks are mostly between 1·7 and 2·5 Ga for the NNE suite and 2·3 and 3·4 Ga for the ENE suite. The low-LILE component of the ENE suite is inferred to have been emplaced in the Mesoproterozoic (c. 1350^1300 Ma; Mikhalsky et al., 2007) , which, on the basis of field constraints, suggests that the NNE-trending suite was emplaced somewhat after this time. (3) Similarities between the NW-trending subalkaline tholeiitic dykes and the extrusive volcanic or subvolcanic rocks in the Palaeoproterozoic Ruker Group suggest a common or very similar LILE-enriched mantle source. This points to a possible cogenetic and roughly coeval origin for these rocks. Thus the dykes may represent within-basement counterparts of the volcanic fill of the Mt Ruker aulocogene. (4) Our data confirm observations made by Sheraton & Black (1981) (Mikhalsky & Sheraton, 2011) but arguably not before the Cambrian (Boger et al., 2001; Boger, 2011) . This is consistent with recently published feldspar Pb-isotope data that highlight the strikingly different Pb compositions of the Napier and Vestfold complexes when compared with the Ruker Complex (Flowerdew et al., 2013) . Whereas the coastal Napier and Vestfold complexes have Pb isotopic compositions that plot well above the Pb isotope growth curve and correlate with parts of cratonic India, the Pb isotopic compositions of the Ruker Complex are unradiogenic and, consistent with the different magmatic history described here, imply these rocks were derived from different protoliths that have protracted, but unrelated, histories.
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